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Abstract: Alien Mediterranean mussels Mytilus galloprovincialis, Pacific oysters Crassostrea gigas and 
indigenous Cape mussels Choromytilus meridionalis were used as sentinel biomonitors of inorganic pollutants in 
Saldanha Bay, South Africa. Neutron activation analysis was used to determine the concentrations of 33 macro 
and microelements in the soft tissues of molluscs. The Mediterranean mussels significantly demonstrated the 
higher accumulation ability to S, Se and Br than the Pacific oysters, whereas the Pacific oysters - to Fe, Cu, Zn  
and As. The Cape mussels are more sensitive to Mn and As and the Mediterranean mussels were sensitive  
to Zn and Se. 
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Introduction 

Environmental monitoring activities are essential to assess the contamination of 
terrestrial and aquatic ecosystems. Many studies proposed to use bivalve molluscs as 
sentinel organisms for monitoring levels of environmental pollutants in water [1-3]. Since 
the study of Goldberg [4], "Mussel Watch" projects had successfully been used in several 
countries around the world, which includes the coastline around the Cape Peninsula in 
South Africa [5]. These bivalve biomonitors include mussels and oysters, which filter large 
amounts of water and accumulate nutrients and pollutants from the environment. Its ability 
was studied in different geographical conditions [6] and can be used as a basic feature of 
molluscs in future biomonitoring studies.  

In the study, we were used Saldanha Bay as a research area. It is situated on the West 
Coast of South Africa and includes a deep-water harbour that is connected to the 
Langebaan Lagoon (West Coast National Park), which is a marine protected area.  
The larger area around the bay contains industrial activities such as seafood processing 
plants, steel industries and multifunctional loading jetties. A new Industrial Development 
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Zone (IDZ) was recently founded in the Saldanha Bay Area notwithstanding the 
exceptional ecological importance of the bay [7]. The IDZ is therefore developed under 
constant monitoring of the impact of the anthropogenic activities on the environment. Such 
accompanied control includes the study of molluscs as natural biomonitors [8]. The bottom 
of the bay, beneath the rafts with farmed molluscs, mainly comprises silt-like sediments 
that are remobilized when the weather conditions deteriorate. This causes emissions from 
the loading pier to be desorbed from sediments to the overlying water. The molluscs then 
filter and naturally accumulate the elements at a concentration that corresponds to natural 
concentrations of these elements in polluted and pristine areas [9]. It is an important part of 
biomonitoring to determine the accumulation ability of molluscs in the remobilized 
sediments condition. 

The Mediterranean mussels (Mytilus galloprovincialis (Lamarck, 1819) - MG) that are 
found in and around Saldanha Bay are the most abundant of all the bivalve molluscs in the 
area and were consequently chosen in our study as preliminary biomonitors [10]. During 
several decades, these invasive Mediterranean mussels are even more abundant than the 
indigenous Cape black mussels (Choromytilus meridionalis (Krauss, 1848) - CM) [11].  
The Mediterranean and Cape mussels grow naturally on almost all the rocks in this part of 
the South African coastline but are also farmed on rafts and long lines in the inner part of 
Saldanha Bay. However, Pacific oysters (Crassostrea gigas (Thunberg, 1793) - CG) which 
do not grow naturally in the area are also farmed on the rafts alongside the mussels.  

Elements such as Cd, Hg, Pb have been thoroughly studied by biomonitoring during 
old previous studies in the Saldanha Bay (for example the newest - [12]). Our study was 
focused on the analysis of around 40 elements in order to address the lack of knowledge 
with regard to these elements in molluscs. The aim of this study is therefore to investigate 
elements accumulation in indigenous and alien molluscs in Saldanha Bay. 

Our previous studies determined the ranges of elemental concentrations  
in Mediterranean mussels at different sites in and around Saldanha Bay [13, 14]. In the 
current work, samples of indigenous mussels (CM), alien mussels (MG) and alien oysters 
(CG) at three key sites in the Saldanha Bay were chosen to be sampled in order to 
demonstrate the interspecies differences between them and their ability to be used as  
biomonitors of macro and microelements in the coastal zones. 

Material and methods 

Sampling 

All the sampling sites were located in Saldanha Bay and near the harbour pier where 
various materials are loaded (Fig. 1). The different parts of Saldanha Bay and Langebaan 
Lagoon function as an integrated hydrological system. The sampling sites were chosen in 
two major water bodies of Saldanha Bay, namely: Small Bay and Big Bay (Fig. 1, Table 1). 
According to previous studies [7, 13, 14] the metal concentrations in molluscs and 
surrounded waters were the highest in Small Bay. The concentrations were lower  
in Big Bay and below the detection limits in Langebaan Lagoon. 

Small Bay is hydrologically relatively uniform and the most isolated part of the 
Saldanha Bay and Langebaan Lagoon system. During April and August 2016, two sample 
sets of 10 mussels each (Mytilus galloprovincialis) were collected in Small Bay (site 1 in 
Fig. 1). These two sets were used for the analysis of temporary changes between two 
months (before and after the spawning period) in the accumulation of studied elements. 
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During April 2016, an additional sample set of 10 mussels (Choromytilus meridionalis) 
were also sampled. The comparison between the two different mussel species, 
Choromytilus meridionalis (CM) and Mytilus galloprovincialis (MG) was done  
on the 20 samples, including 10 of each species (detailed in Table 6). 

The oysters were only sampled in August 2016, but at two different sites: one in Small 
Bay (site 2 in Fig. 1) and one in Big Bay (site 3 in Fig. 1). The comparison between the 
mussel species (Choromytilus meridionalis and Mytilus galloprovincialis) and the oyster 
species (Crassostrea gigas) was done on samples from site 1, 2 and 3, respectively.  

 
Table 1 

Details of sampling 

Sampling sites Month 
of 2016 

Number of 
samples Species 

1 - Small Bay 
33.00458 S 
17.96746 E 

April 10 Choromytilus meridionalis 

April 10 Mytilus galloprovincialis 

1 - Small Bay 
33.00458 S 
17.96746 E 

August 10 Mytilus galloprovincialis 

2 - Small Bay 
33.0053 S 
17.96437 E 

August 10 Crassostrea gigas 

3 - Big Bay 
33.03135 S 
18.00608 E 

August 10 Crassostrea gigas 

 

 
Fig. 1. Schematic view of Saldanha Bay that indicates sampling sites 

All the samples were collected from rafts on mariculture farms. The rafts with the 
molluscs float at a depth ranging between 9 m and 13 m, depending on the tidal cycles. 
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After harvesting, the live samples were frozen and sent to the NAA analysis procedure. 
Then before analysis molluscs were defrosted and washed in freshwater and then 
underwent preliminary manual cleaning (by using a non-metallic knife) to delete the 
attached organisms. The lengths and weights of all the sampled molluscs were measured 
separately and are given in resulted Table 4. The ages and sizes of each set of species due to 
selection varied insignificantly.  

The soft tissues of the samples were finally extracted and packed in plastic bags, 
frozen and shipped to Dubna, Russia. The Neutron Activation Analysis (NAA) of the 
molluscs was conducted at the IBR-2 reactor of the Frank Laboratory of Nuclear Physics in 
the Joint Institute of Nuclear Research (Dubna, Russia) during the year of sampling. 

Neutron Activation Analysis 

The soft tissues were dried at a temperature of 40 °C to a constant weight and 
homogenised with a non-metallic mortar and pestle. The parameters of irradiation and 
determination of concentrations by the NAA are given in Tables 2 and 3. The detailed 
techniques are described in [15, 16], and applied to the South African molluscs earlier in 
[13, 14]. For determination of short-lived isotopes of 8 elements (Mg, Al, S, Ca, V, Mn, Cu 
and I) approximately 0.3 g of material from each mollusc was packed in polyethylene bags, 
and irradiated for 3 minutes in the irradiation channel.  

 
Table 2 

Neutron conditions of irradiation of the samples 

Channels 
Ch1 

(epithermal) 
(cadmium-screened) 

Ch2 
(thermal) 

 
Dimensions [mm] Diameter 28, length 260 Diameter 28, length 260 

Neutron type Thermal Resonance Fast Thermal Resonance Fast 
Experimental 

fluxes [n·s–1·cm–2] 
Cd-coated 3.6·1011 5.5·1011 1.5·1012 1.8·1011 2.7·1011 

 
The Gamma spectra of induced activity were measured for 15 minutes by using HPGe 

(high purity Germanium) detectors after 2 minutes of decay. To determine the long-lived 
isotopes of 21 elements (Na, K, Sc, Cr, Fe, Co, Ni, Zn, Se, As, Br, Sr, Rb, Mo, In, Sb, Cs, 
Ba, Au, Th, U), the samples were packed in aluminium cups and irradiated for 3 days in the 
cadmium screened irradiation channel. For these elements, the gamma-ray spectra were 
measured after 3 and 22 days to divide the different isotopes of elements according to 
techniques. The spectra of induced gamma activity were measured with HP Ge detectors 
with the resolution of 1.9 keV for the 60Co 1332 keV. The detected isotopes are shown in 
Table 2. Such rare earth and other microelements as La, Ce, Nd, Sm, Eu, Tb, Tm, Yb, Hf, 
Ta and W were determined by the NAA but were excluded from further analysis. 

Quality control (Table 3) was provided by using different The Standard Reference 
Materials of National Institute of Standards and Technology (NIST SRMs): 1547, 1633b, 
1633c, 2709, 667. The standards and reference materials were packed together with the 
samples in each transport aluminium and plastic container. Different standards were used to 
choose the minimum certified uncertainties for each studied element in comparison with the 
standards, which contain mollusc’s tissue. The standards were only used for verifying the 
analysis of each set of samples. 
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Table 3 
List of elements with parameters of determination, standards and deviation  

between certified and determined concentrations 

Element and 
technique* SRM 

Determined 
[ppm] 

Certified 
[ppm] 

Determined 
uncertainty [%] 

Certified 
uncertainty 

[%] 

Deviation 
[%] 

Na (2) 2709 10240 11600 3.2 2.6 11.7 
Mg (1) 2709 17030 15100 4.7 3.3 –12.8 
Al (1) 1633b 160500 150500 4.4 1.8 –6.6 
Cl (1) 1547 360 360 8.9 5.3 0 
K(2) 433 18000 16600 8.8 13.4 –8.5 

Ca (1) 1633b 16100 15100 15.2 4 –6.4 
Sc (3) 2709 13.8 12.0 2.9 30 –14.9 
Ti (1) 2709 3450 3420 5.6 7 –0.8 
V (1) 2709 109 112 4.2 4.5 2.7 
Cr (3) 2709 125 130 5.2 3.1 3.6 
Mn (1) 667 938 920 6.6 4.3 –2 
Fe (3) 2709 35100 35000 5 3.1 –0.3 
Co (3) 2709 12.8 13.4 3.4 5.2 4.8 
Ni (3) 2709 83 88 6.7 5.7 5.6 
Cu (1) 2709 106 106 4.5 2.8 0.1 
Zn (3) 433 17.5 18.9 6.9 1.3 7.2 
As (2) 2709 1.5 1.6 15.3 5.1 7.5 
Se (3) 433 66 67 3.1 11.9 0.9 
Br (2) 433 117.0 99.9 17.5 8.5 –17.2 
Rb (3) 2709 225 231 7.3 0.9 2.7 
Sr (3) 433 135 148 30.9 30 8.7 
In (1) 2709 8.0 7.9 6.3 7.6 –1.2 
Sb (3) 1547 0.3 0.3 50 30 –6 
I (1) 433 7.3 6.4 4 4.1 –14.4 

Cs (3) 433 260 268 10.5 7.1 3.1 
Ba (2) 2709 0.3 0.3 30.2 30 0 
Au (2) 433 10.4 9.8 3.5 2.9 –6.2 
Th (3) 2709 3.5 3 3.7 30 –16.9 
U (2) 2709 10240 11600 3.2 2.6 11.7 

* 1: conventional NAA, measured 15 min after 3 min of irradiation and ~3 min of decay 
2: epithermal NAA, measured 30 min after 4 days of irradiation and ~3 days of decay 
3: epithermal NAA, measured 90 min after 4 days of irradiation and ~22 days of decay 

 
Deviation [%] (Table 3) corresponded to differences between certified and calculated 

concentrations after neutron activation analysis. In the case of 0 % (Cl, Ba) the element was 
calculated by using one standard without comparative analysis between other SRMs for 
quality control. This was also relevant to the elements with high deviations between 
certified and determined concentrations in standards (As, Se, I and Au). All the determined 
concentrations depended on the amounts of the element in the studied material, which was 
taken into account during the analysis of the concentrations for such elements. 

Statistical procedures 

Statistical methods were applied for comparative analysis. The several studied sets of 
samples were not in normal distribution according to Shapiro-Wilk normality tests.  
The non-parametric Kruskal-Wallis test was used to check the significance of the 
comparison between the separate sets of samples [17]. This technique is widely used in the 
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analysis of elemental accumulation in molluscs [18] in the case of inapplicable results of 
ANOVA tests if the transformations for obtaining normality are objectionable. Each set of 
samples were analysed separately by using software Statistica 11.0. 

Results and discussion 

General characterization and revealing the groups 

Average dimensions and concentration data of the analyses are given in Table 4.  
The results of several elements were compared with the reference data from the indigenous 
CM, Mytilus edulis and MG from Saldanha Bay that was measured by Watling 40 years 
ago [19]. The concentrations of Fe and Cu in the soft tissue of mussels reached 120-200 % 
values than in the previous study for Saldanha Bay. In contrast, the current concentrations 
of Cr, Mn, Co, Ni, Zn and Ag reached 10-100 % the values if compared to previous studies. 
This could be explained by changes in the hydrodynamic parameters of the bay since the 
previous study. 

 
Table 4 

Means of masses, lengths and elemental concentrations [ppm] in molluscs (means and standard deviations without 
excluded outliers) 

 CM MG* CG* 
 mean SD mean SD mean SD 

Mass [g] 37.7 5.4 37 12 66 13 
Length [mm] 80.6 3.7 81.1 7.6 94 14 

Na 15360 1820 12770 3660 15460 3690 
Mg 1990 210 1880 450 2140 390 
Al 86 29 50 20 67 22 
Cl 27470 3970 26280 4010 27770 6220 
K 11530 1580 12600 1710 10880 1930 
Ca 1380 350 2170 370 1300 1460 
Sc 0.03 0.01 0.01 0 0.02 0.01 
V 1.0 0.6 1.2 0.7 1.06 0.84 
Cr 0.92 0.88 0.66 0.14 0.59 0.41 
Mn 9.1 3.0 6.3 1.4 4.9 2.7 
Fe 110 50 190 30 110 50 
Co 0.21 0.06 0.21 0.06 0.21 0.04 
Ni 0.81 0.35 0.56 0.18 0.48 0.33 
Cu 12.7 5.9 34.5 7.5 9 12 
Zn 93 28 845 41 137 265 
As 11.4 3.4 9.9 2.1 8.5 3.3 
Se 2.9 0.7 3.2 0.8 4.8 0.6 
Br 219 30 173 53 230 41 
Rb 5.4 0.7 4.9 0.9 4.8 0.6 
Sr 19.8 2.9 24.7 8.6 22.7 10.6 
In 0.06 0.03 0.08 0.04 0.07 0.04 
Sb 0.02 0.02 0.02 0.01 0.02 0.01 
I 4.7 1.5 3.2 1.5 3.4 1.2 

Cs 0.03 0.01 0.02 0.02 0.03 0.01 
Ba 1.5 2.9 0.5 1.2 1.2 0.8 
Au 0.003 0.002 0.002 0.001 0.002 0.001 
Th 0.03 0.02 0.01 0.01 0.02 0.01 
U 0.12 0.09 0.13 0.06 0.10 0.05 

* presented data from April and August sets were pooled. SD - standard deviation 
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The obtained values were also compared to the reference data for the same species of 
the molluscs (except for the elements V and Cs) sampled in other coastal regions of the 
world [20] (Table 5). These results are shown in the form of ranges, where the extremes 
from reference and our studies were excluded. In general, the concentrations of the majority 
of elements in the molluscs for this study have lower values if compared to the reference 
data [20]. However, elements such as Mn and As (Table 1) were accumulated by 
indigenous mussels (CM), Se by alien mussels (MG) and Cu by alien oysters (CG) in the 
higher concentrations. This could be a result of the unique elemental composition of the 
water around the suspended molluscs in the studied area of inner Saldanha Bay. 

The minimum and maximum interquartile ranges of elemental concentrations in the 
three different species of molluscs (CM, MG and CG) in Saldanha Bay correspond at the 
same orders of values with other studies, which will be used as referenced data (Table 5). 
The slightly lower concentrations for certain elements, when compared to the reference 
data, reflect the absence of a constant or dramatic influence of anthropogenic influences 
during the studied period. 

 

Table 5 
Ranges of concentration [ppm] of several elements in different molluscs (soft tissue, dry weight) according to 

reference data and interquartile ranges for our data 

 Reference data [20] This study 
 CM MG CG CM MG* CG* 

V 0.4-8.5**  0.6-1.6 0.66-2.5 0.62-1.60 
Cr 0.3-1.1 0.3-1.1 0.3-1.1 0.20-1.25 0.51-0.77 0.29-0.75 
Mn 2.6-6.8 2.6-6.8 2.6-6.8 6.34-11.6 3.7-6.0 3.4-8.4 
Fe 94-260 94-260 94-260 77-130 98-129 152-226 
Co 0.13-0.33 0.13-0.33 0.13-0.33 0.17-0.26 0.17-0.25 0.17-0.22 
Ni 0.3-1.1 0.3-1.1 0.3-1.1 0.58-1.18 0.30-0.79 0.3-0.8 
Cu 13-23 13-23 13-23 9-16 2-15 26-41 
Zn 90-235 90-235 90-235 77-102 101-177 640-990 
As 4.0-10.6 4.0-10.6 4.0-10.6 8.5-14.6 7.3-9.4 7.1-12.4 
Se 2.5-5.2 2.5-5.2 2.5-5.2 2.4-3.6 4.4-5.1 2.9-3.6 
Cs 0.001-0.130**  0.026-0.041 0.021-0.031 0.016-0.027 

* presented data from April and August sets were pooled 
**  concentrations were given for several other species of bivalves (Mytilus edulis etc.) 

 

It is interesting to note that elements such as V, Co and Se were accumulated by 
mussels and oysters (CM and CG) in almost equal amounts (Table 5). Co, for example, also 
accumulated similar concentrations in all three species of molluscs and these concentrations 
are also comparable to the reference data (Table 5). These results confirm the claim that 
these elements accumulated due to natural fluxes of water masses and probably could be 
associated with the suspended terrigenous matter. 

The Kruskal-Wallis test illustrated significant differences between species, locations 
and dates (Table 6). P values for presented elements are given in brackets. It allows for the 
comparison of four sets of samples. The interspecies differences between CM and GM were 
investigated at site 1 in April 2016. Temporal comparisons were made between the data sets 
for April and August in terms of MG at site 1. Oysters CG were spatially (site 2 and 3) 
compared during August. 

In similar conditions (dates and location) the indigenous mussels (CM) accumulated 
Mn and As in the higher amounts than alien mussels (MG) (Fig. 2). On the contrary, alien 
mussels (MG) accumulated Zn and Se in the higher concentrations than indigenous mussels 
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(CM). Alien mussels (MG), if compared to the alien oysters (CG) during August, 
accumulated the higher concentrations of S, Se and Br (Fig. 3). Whereas the alien oysters 
(CG) accumulated the higher concentration of Fe, Cu, Zn and As than the alien mussels 
(MG) during this time. Other elements were not significantly different amongst the species. 
The data reflected the specificity of accumulation of elements by the mussels. It is probably 
caused by the specificity of molluscs, absorption preferences and the environmental 
conditions that guide accessibility to chemical compounds. The general group of low 
volatile elements of terrigenous origin (clay minerals, carbonates, detrital particles in 
marine sediments) such as Co, Sc, Cr, Ni, Sb, Cs and others [21, 22] revealed relatively 
equal ranges of concentrations in all three species (CM, MG and CG). 

 
Table 6 

Results of the Kruskal-Wallis test based on 4 different sets of samples 

Species Location Month Elements after Kruskal-Wallis test with p < 0.05 

CM-MG site1 April Mn(0.002), Zn(0.03), As(0.02), Se(0.002) 

MG-MG site1 April-August S(0.01), V(0.004), Co(0.005), Br(0.02), Se(0.01) 

CG-CG 
site 2*- 
site 3 

August 
V(0.01), Fe(0.01), Co(0.02),  

Cu(0.01), As(0.0004), Se(0.002) 
* Site 2 corresponded relatively well to site 1 due to uniformity of the hydrological structure of Small Bay 

 
a) b) 

  
c) d) 

  

Fig. 2. Concentrations of: a) Mn, b) As, c) Zn and d) Se in CM and MG at site 1 (The points represent 
the means, the boxes represent the interquartile ranges 25-75 % and the whiskers - the minimum 
and maximum values) 
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a) b) 

  

Fig. 3. Concentrations of: a) Fe, Zn, Br and b) Cu, As, Se for MG and CG (The points represent the 
means, the boxes represent the interquartile ranges 25-75 % and the whiskers - the minimum and 
maximum values) 

a) b) 

 

Fig. 4. Concentrations of: a) V and Se in mussels (MG) for April and August; b) V, As and Se in oysters 
(CG) at site 2 and site 3 (The points represent the means, the boxes represent the interquartile 
ranges 25-75 % and the whiskers - the minimum and maximum values) 

Elements such as S, V, Se and Br accumulated in significantly higher concentrations in 
alien mussels (MG) that were collected during August rather than in April in Small Bay 
(Fig. 4). Mussels, which were collected in April, demonstrated lower concentrations in all 
elemental concentrations. This is similar to what was found by Bezuidenhout et al. [14].  
In this paper, it was suggested that the mussels accumulated elements during winter in 
preparation for the spawning season in summer. This may also be due to seasonal 
differences (based on two month April and August) in the elemental composition of the 
bay’s water. South-easterly to southerly winds result in upwelling in the bay that adverts 
cold waters with lower salinity and oxygen deficiency [17]. The seasonal changes may also 
be due to the availability of food, which coincides, with the growth of phytoplankton.  
The high production of phytoplankton is usually linked to low metal concentrations since 
the ready availability of food would lead to a high metabolic and excretion rate [23].  
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The higher than normal biogenic threshold needs additional S and Se during this lifecycle. 
Figure 4b demonstrates that V, Fe, Cu, As, Se and some other elements significantly 
accumulated in oysters, which were collected from the Small Bay (site 2) in comparison to 
the oysters from Big Bay (site 3). 

The following three types of elemental characteristics were found among the species 
(compare Figures 2-4 and Tables 4-6). These were based on mean values and interquartile 
ranges of the elemental concentrations excluding outliers: 
- Indigenous mussels (CM) accumulated Mn and As in higher amounts than alien 

mussels (MG). 
- Alien mussels accumulated Zn and Se in the higher amounts than indigenous mussels. 

Alien mussels also accumulated S, Se and Br in the higher concentrations than alien 
oysters (CG). 

- Oysters accumulated Fe, Cu, Zn and As in the significantly higher concentrations than 
alien mussels. Lower concentrations of Br were found in oysters in comparison to 
mussels 
The wide range in elemental concentrations could also reflect the disparity of the 

biological accumulation in the studied area. In general, the CM demonstrated higher 
fluctuations in Mn, As and other elements if compared to MG. It may reflect the flexibility 
of the indigenous species with seasonal fluctuations of elemental concentrations in the 
water. According to the study [24], the high trace element levels were found in the seston 
and this was attributed to trace element enrichment in bivalve molluscs. The enrichment 
essentially takes place in a twofold mechanism: the first being the prior pre-concentration 
of trace elements into the particulate material in the water column (complexing, inclusion, 
precipitation); the second being the ingestion of this particulate material by the organism. 

The Fe, Cu and Zn are usually accumulated in the higher amounts by oysters than by 
mussels [25]. MG accumulated the well-known marine elements such as Se and Br in 
higher amounts but with a wider spread in the range of values, compared with CG and CM. 
The differences between the two mussel species could be associated with interspecific 
accumulation properties. The higher amounts of these elements in MG are probably due to 
an unstable environment with the alien species not adapted to such local changes.  
In contrast, the indigenous species have a higher tolerance to quick hydrochemical changes 
of the water and the subsequent release of excess elements into the water. 

Traits of elemental accumulation in all studied molluscs 

The Cu was accumulated in the wider range of concentrations in alien mussels (MG) if 
compared to Fe and Zn. It is well known that small oysters and other bivalve molluscs take 
up Cu at a greater rate than larger conspecifics [25]. Uptake of Cu by mussels is more 
erratic and seems to be influenced by available concentrations of Zn, Cd, and Pb salts [26]. 
This is supported by the elemental concentration data of MG and CM in this study. 
According to [19] alien mussels (MG) demonstrated a decrease in Cu concentration with 
increasing body weight. In industrialized areas, Cu reached values that ranged from  
8.3-49.0 ppm dry weight in MG, with 148 ppm being the maximal when background 
concentrations are 7.6-9.7 ppm [20].  

In many cases, the high Cu concentrations were associated with the proximity of 
anthropogenic sources of Cu, and secondarily to the biotic and abiotic variables that 
influence Cu uptake and retention. Maanan [27], for example, showed that concentrations 
of Cu in CG reached 42 ppm in the sites that were close to sources of fertilizers pollution.  
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It was demonstrated that MG accumulated Cu concentrations of 10-90 ppm, with  
a maximal value of 150 ppm, depending on the dates and proximity of the samples sites to 
the sources of pollution. In this study, the similar concentrations were obtained for oysters 
but only reached 10 ppm for MG, which is comparable to the lower levels of the reference 
data. It should be emphasized that in [27] sampled molluscs that were on average 5 cm in 
body length, which is considerably smaller than the molluscs in this study, which ranged 
from 7 to 11 cm for mussels and oysters. Fluctuations in the Zn content in the tissues of 
Perna viridis [28] were related to mussel size and were so large (from minimal to maximal 
values) to conceal low chronic or short-term pollution. Variations in the Zn content of clam 
tissues, for example, were associated with seasonal changes in tissue weights [29].  
The range of Co in MG is 0.3-2.1 ppm. It is important to note that the third quartile in the 
reference data was two times higher in the mussel concentrations (MG and CM) and four 
times higher in the CG. 

The complex environment of the Saldanha Bay is created by the high level of nutrients 
from the Antarctic waters that feed the west coast of South Africa and aeolian industrial 
fallout of anthropogenic activities around the bay. The concentrations of trace metals in 
tissue depend on various environmental parameters such as salinity, temperature, the 
organic content of water, geochemical composition of suspended matter and the content of 
the bottom sediments, which sometimes relate to anthropogenic impact. It is well 
documented that salinity of the water is an important factor that influences the 
concentration of selected metals in the soft tissue of Mytilus edulis [30]. In this study, the 
environmental conditions for different sampled mussels were the same. The study, 
therefore, obtained results that indicated concentration patterns due to interspecies 
differences in selective accumulation of elements. 

Accumulation differences between the mussels 

In comparison with the indigenous mussels (CM), the alien mussels (MG) exhibited 
heightened growth rates, fecundity and tolerance to desiccation [31]. Relative to CM, MG 
also grows faster in absolute terms under optimal conditions [32]. Its annual reproductive 
output, expressed as a percentage of its body mass, exceeds 120 % as it reproduces more 
than once each year [33]. Its total annual output is between 20 and 200 %, which is greater 
than any of the indigenous species in Saldanha Bay. This means that the elements, which 
are incorporated in particles and food, accumulated faster to critical values and the process 
of self-cleaning starts earlier in MG. The results indicated that this trait relates to elements 
such as Mn and As, but the opposite is for Se and Br.  

MG is only inferior in terms of tolerance to siltation if compared to the local species. 
MG is severely affected by siltation, whereas CM adapts relatively well [34]. It is 
consequently only in sandy areas that CM remains dominant. This could be because the 
MG accumulates the majority of elements in the narrower range if compared to CM and 
CG. MG beds in natural conditions usually consist of multiple layers and support a higher 
biomass per m2 than the single-layered beds of indigenous mussels. The increased vertical 
range of MG beds usually accompanied in the high density of associated infauna [32, 35].  
All these characteristics emphasise that the elements can be accumulated differently by 
alien mussels in smaller periods. It is important to note that Cr, Mn, Ni and Cs accumulated 
in the smaller concentrations in alien species MG and CG in comparison to the indigenous 
CM. This probably reflects the features of the process of adaptation of alien species to 



Jacques Bezuidenhout, Pavel Nekhoroshkov, Inga Zinicovscaia, Nikita Yushin and Marina Frontasyeva 

 

506 

foreign semi-closed coastal environments with suspended clay sediments which contain 
such elements. 

Conclusion 

In general, the Mytilus galloprovincialis demonstrated a significantly higher 
accumulation ability to S, Se and Br than Crassostrea gigas. While the Crassostrea gigas 
showed a relatively higher accumulation ability to Fe, Cu and Zn. Interspecies differences 
were also found between mussels, Choromytilus meridionalis has a higher ability to 
accumulate Mn and As and the Mytilus galloprovincialis to Zn and Se. It was concluded 
that all the bivalve molluscs present themselves as effective biomonitors and indicators of 
anthropogenic pollution, but that accumulation ability to certain elements can be amplified 
by a dedicated selection of species. More research is required for the investigation of more 
varying coastal environments and the testing of larger sample sizes. 
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